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[Xipho- omphalopagus — Siamese twins with multiple abnormalities of the 
gastrointestinal tract] 

Xiphoomphalophagus--siamske dvojcata s mnohopocetnymi malf ormaciami GIT. 
Janec M; Vojtko M; Kubikova E 

Rozhledy v chirurgii - m si nik eskoslovenske chirurgicke spole nosti ( 
CZECHOSLOVAKIA ) Sep 1989 , 68 (8-9) p616-9 , ISSN: 0035-9351--Print 
Journal Code: 98154 41 
Publishing Model Print 

Document type: Case Reports; English Abstract; Journal Article 

Languages ; SLOVAK 

Main Citation Owner: NLM 

Record type: MEDLINE; Completed 

The authors describe a case of xiphoomphalpagus; one infant was dead, the 
other alive. They had a common umbilical cord and omphalocele, joined liver 
only one gallbladder and common duodenum in the shape of a wide sac. From 
this originated two thin guts, one was wide and belonged to the dead foetus 
the gut of the live foetus beneath the duodenum was atretic. Already six 
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hours after delivery the authors separated the infants and in the live infant 
they not only resected the liver and reinserted the choledochus but also 
repaired the wide duodenum and atresia. The second infant died on the 4th day 
after operation from congenital heart disease incompatible with life. The 
stillborn infant has, as revealed by necropsy and histological examination, a 
congenital megacolon. The authors analyze the scope of diagnostic and 
surgical possibilities. 
Record Date Created: 19891213 
Record Date Completed: 19891213 
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Kantoff P W; Flake A W; Eglitis M A; 'Scharf S; Bond S; Gilboa E; Erlich H; 
Harrison M R; Zanjani E D; Anderson W F 

Laboratory of Molecular Hematology, National Heart, Lung, and Blood 
Institute, Bethesda, MD 208 92. 

Blood ( UNITED STATES ) Mar 1989 , 73 (4) pl066-73 , ISSN: 0006-4971-- 
Print Journal Code: .7 603509 

Contract/Grant No.: AM2047; AM; United States NIADDK; HL40722; HL; United 
States NHLBI 
Publishing Model Print 

Document type: Journal Article; Research Support, Non-U. S. Gov't; Research 

Support, U.S. Gov't, Non-P.H.S.; Research Support, U.S. Gov't, P.H.S. 

Languages: ENGLISH 

Main Citation Owner: NLM 

Record type: MEDLINE; Completed 

Retroviral-mediated gene transfer was used to insert a Neo R gene into fetal 
sheep hematopoietic cells obtained by exchange transfusion from lambs in 
utero. After gene transfer the cells were returned to the donor fetus. The 
lambs were examined after birth for the presence of a functioning Neo R gene. 
Of ten analyzable animals, six were positive for G418 resistant progenitor 
cells (CFU-Mix, CFU-C, BFU-E, CFU-E) . Two animals were studied for extended 
periods of time: 8 and 24 months. Each has demonstrated a pattern wherein 
positive periods are interspersed with times when there were no detectable 
G4 18-resistant cells. We conclude that retroviral-mediated gene transfer can 
be used to insert genes into early progenitor cells of fetal sheep in utero 
and that the animals can continue to demonstrate blood cells expressing the 
gene for more than 2 years after birth. This is a US government work. There 
are no restrictions on its use. 
Record Date Created: 19890420 
Record Date Completed: 19890420 
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Continuous ovine fetal hemorrhage: sensitivity of plasma and urine arginine 
vasopressin response. 

Ross M G; Ervin M G; Leake R D; Humme J A; Fisher D A 

American journal of physiology ( UNITED STATES ) Oct 1986 , 251 (4 Pt 1) 


5 


PE464-9 , ISSN: 0002-9513~Print Journal Code: 0370511 

Contract/Grant No,: HD-06335; HD; United States NICHD; RR-00425-1652 ; RR; 
United States NCRR 
Publishing Model Print • 

Document type: Journal Article; Research Support, U.S. Gov't, P.H.S. 

Languages: ENGLISH 

Main Citation Owner: NLM 

Record type: MEDLINE; Completed 

Intravascular hemorrhage of the ovine fetus is a potent stimulus for arginine 
vasopressin (AVP) secretion. However, the method (acute, continuous) and rate 
of blood withdrawal may influence the fetal response. To determine the 
hemorrhage threshold for AVP secretion in response to slow continuous 
hemorrhage, five chronically catheterized ovine fetuses were continuously 
hemorrhaged {0.6% blood vol/min) to 24-30% blood volume withdrawal. 
Immediately after hemorrhage fetal blood was reinfused at an equivalent rate. 
In addition to AVP measurements by radioimmunoassay, fetal urinary responses 
were monitored as an index of fetal AVP secretion. Significant increases in 
plasma AVP occurred during hemorrhage (1.0 +/- 0.1 to 8.0 +/- 2.0 pg/ml) . The 
fetal plasma AVP-hemorrhage threshold, as defined by regression analysis, 
occurred at withdrawal of 13.0% blood volume. Fetal urine volume 
significantly decreased from a mean basal rate of 0.59 +/- 0.03 to 0.21 +/- 
0.06 ml/min at the completion of hemorrhage. Urinary sodium, potassium, and 
osmolar excretion also significantly decreased at the completion of 
hemorrhage. Urinary AVP excretion, urine osmolality, sodium, and potassium 
concentrations did not change significantly during the hemorrhage period but 
increased significantly during the reinfusion period; the delay a result of 
renal and catheter dead space. Reinfusion of blood resulted in a return of 
plasma AVP to basal levels. These results define a threshold for AVP 
secretion and demonstrate significant urinary effects in response to slow 
continuous hemorrhage. 
Record Date Created: 19861110 
Record Date Completed: 19861110 
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Plasma vasopressin levels during haemorrhage in mature and immature fetal 
sheep. 

Rurak D W • , - 

Journal of developmental physiology { ENGLAND ' ) Feb 1979 , 1 (1) p91-101 

ISSN: 0141-9846--Print Journal Code: 7910737 
Publishing Model Print 

Document type: Journal Article; Research Support, Non-U. S. Gov't 

Languages : ENGLISH 

Main Citation Owner: NLM 
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In four mature chronically catheterized fetal sheep in utero arterial 
pressure, heart rate, arterial pH and haematocrit fell during a 16-70% 
haemorrhage, while Pao2 rose. Plasma vasopressin concentrations increased and 
were correlated with the percentage of blood volume removed. Following 
haemorrhage arterial pressure and heart rate were restored within 60 min, 
while hyperozaemia and acidaemia persisted. Plasma antidiuretic hormone (ADH) 
concentrations remained the same or increased and were significantly related 
to the degree of acidaemia. Upon return of the removed blood, pressure rose 
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transiently and Pao2 fell; pH remained low and plasma ADH concentrations 
fell, but were still related to the degree of acidaemia. In three immature, 
exteriorized fetuses (0.4 of term) plasma vasopressin concentrations also 
rose during haemorrhage. The results indicate that fetal plasma vasopressin 
levels rise during haemorrhage in response both to hypovolaemia and the 
subsequent acidaemia. Further the response to haemorrhage is present at an 
early gestational age. 
Record Date Created: 19810327 
Record Date Completed: 19810327 
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Bone marrow transplantation. 

van Bekkum D W 

Transplantation proceedings ( UNITED STATES ) Mar 1977 , 9 (1) pl47-54 , 

ISSN: 0041-1345--Print Journal Code: 0243532 
Publishing Model Print 
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Languages : ENGLISH 

Main Citation Owner: NLM 
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Improvements in the results of bone marrow transplantation for the treatment 
of SCID may be expected by employing purified stem-cell concentrates for 
patients who do not have a compatible sibling available. Refinements in the 
purification technique and its monitoring are required, however. For the same 
category of patients it seems worthwhile to continue attempts at restoration 
with liver cells from fetuses less than 12 weeks of age. In addition, full 
protection against infections should be provided for patients expected to 
develop GVHD, and, therefore, such patients should only be treated in centers 
where reverse isolation and bacteriologic decontamination can be performed. 
In view of the rarity of the disease, transplanters should agree on a limited 
number of graft protocols. For the treatment of bone marrow aplasia, attempts 
to identify the factors that can serve to predict the occurrence of GVHD in 
compatible host-donor sibling pairs should be continued. Only when the 
patients who will develop GVHD can be recognized in advance will it be 
feasible to fully exploit available GVHD reductive measures. In particular 
the role of the intestinal microflora should be investigated in this respect. 
Experimental evidence is presented, suggesting an aggravating influence of 
microflora on GVHD lesions, which are primarily induced by histocompatibility 
reactions. For such studies with incompatible siblings, the dog is the best 
available animal model. For the selective isolation of hemopoietic stem cells 
for transplantation purposes (as one means of reducing GVHD) , methods for 
rapid identification of stem cells and immune competent cells, respectively, 
have to be developed. In leukemia, more research is necessary on the factors 
that play a role in the. late complications of bone marrow transplantation. 
The toxicity of aggressive regimens employed in the eradication of the 
leukemia should be further analyzed. The collection of autologous normal ' 
hemopoietic stem cells from leukemic patients as introduced by Dicke et al. 
warrants further exploration to see whether these cells may replace the 
allogeneic transplantation procedure, thus avoiding all the complications 
generally encountered in GVHD. For all three diseases, it is extremely 
important to develop a method for the selection of compatible donors among 
unrelated individuals, because this will at least double the number of 
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candidates for therapeutic bone marrow transplantation. Current progress in 
histocompatibility typing in the rhesus monkey and the dog makes these 
species excellent models for such investigations. ( 25 Refs.) 
Record Date Created: 19770718 
Record Date Completed: 19770718 
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THYMUS AND BONE MZ^OW TRANSPLANTATION AND INTESTINAL PROTECTION AS AIDS IN 
THE THERAPY OF NEOPLASTIC DISEAE: A HYPOTHESIS AND PRELIMINARY EXPERIMENTS. 

Ambrus; Ambrus; Stutzman; Klein; Pickren; Webster; Bardon 
Dept. Pathol., Roswell Park Mem. Inst. Buffalo, N.Y. 

Perspect Cancer Res Treat 
1973 , 

165-182 , 
Document Type: JOURNAL ARTICLE 
Languages: ENGLISH 
Main Citation Owner: NOTNLM 
Record type: Completed 

The concept is developed that higher than usual doses of chemotherapeutic 
agents or irradiation might be delivered in advanced neoplastic disease if it 
were followed by bone marrow or thymus transplantation or if the 
gastrointestinal tract, in the case of irradiation, were protected. Rhesus 
monkeys had bone marrow removed from the pelvic bones and stored at 4C prior 
to 800 rads total body irradiation, followed in 24 hr by reintroduction of 
the marrow, either into the marrow cavity of the tibia or i.v. Marrow 
[] takes'' were demonstrated by a pronounced leukocytosis in response to five 
gamma of bacterial lipopolysaccharide . This dose of irradiation resulted in 
marked leukopenia over 10-15 d in animals not treated with marrow, and 
subsequent death from hemorrhage and infection. A similar decline in WBC 
occurred in animals treated with marrow after irradiation, but the trend . 
reversed at about 10 d, and by d. 40, WBC and platelets were near normal; 
survivors were observed for 2 yr with no appreciable late effects. Challenged 
with lipopolysaccharide on d. 12 after irradiation, control animals showed 
very little response while animals protected with homologous bone marrow 
cells showed some leukocytosis and little leukopenia on d. 12 and a near 
normal response on'd. 18 after irradiation. Similar results were obtained in 
animals which received lethal doses of chemotherapeutic agents, particularly 
the alkylating agent AB-103. This agent was tried in pts with advanced 
bronchogenic carcinoma after removal of marrow cells to be inj . 24-48 hr 
after drug treatment. One such pt received 5.6 mg/kg of AB-103, i.v. (the 
usual therapeutic dose is 0.7 mg/kg/d x 3), followed in 24 hr by autologous 
bone marrow infusion.. He experienced marked objective and subjective 
improvement. He later received two conventional courses of AB-103 ' therapy and 
survived for 15 mo. Embryonic thymus transplantation was carried out in 23 
Hodgkin's disease pts and in 2 with mycosis fungoides. Approx half of the 
Hodgkin's disease pts converted to positive skin reactions in one or more 
tests, and both pts with mycosis fungoides showed improvement in cellular 
immunity. Nonantigenic thymic humoral factors are currently under study as 
possible aids in the regeneration of cellular immune competence after 
intensive therapy. A procedure for gastric intubation with 2- 
mercaptoethylguanidine prior to high dose total body irradiation of Fischer 
rats is described. Animals with only the gastrointestinal tract so protected 
all died after irradiation, as did animals treated only with homologous 


marrow infusions, but the combination of treatments resulted in only 1/20 
deaths. (33 refs) 
Record Date Created: 19761001- 
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[Use of the calvarioam for bone grafting in cranio-maxillo-facial surgery] 

Utilisation de la voute cranienne comme site de greffes osseuses en chirurgie 
cranio-maxillo-f aciale . 
Raulo Y; Baruch J 

Service de Chirurgie Plastique et Esthetique, Hopital Henri-Mondor , Creteil. 
Chirurgie; memoires de I'Academie de chirurgie ( FRANCE ) 1990 , 116 {4- 
5) p359-62 ISSN: 0001-4001--Print Journal Code: 0236600 
Publishing Model Print 

Document type: English Abstract; Journal Article 

Languages : FRENCH 
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Bone grafts 's traditional donor sites in cranio-maxillo-facial surgery have . 
been for many years and are still in some occasions the ribs-, iliac crest and 
tibia. Bone grafts taken from the calvaria have been used by some surgeons in 
the past but 'its wide acceptance was- only achieved after Paul Tessier had 
reported his own experience. The calvaria is composed of inner and outer 
tables that encloses a layer of cancellous bone called the diploe. A high 
degree of variability exist with respect to skull thickness. Nevertheless 
parietal bones is the preferable site for the harvesting of the graft. The 
embryonic origin of the cranium should be responsible for greater survival of 
the graft. Membranous bone would maintain its volume to a greater extent than 
endochondral bone when autografted in the cranio-f acial region. However this 
remains controversial. Two techniques can be used for the harvesting of a 
calvarial bone grafts. A split thickness calvarial graft involves removal of 
the outer table while leaving the inner layer in place. Its main disadvantage 
is the relatively thinness of the bone transferred. A full thickness segment 
of skull involves the cranium cavity be entered. A half of the graft can be 
split along the diploe space and returned to fill the donor site. The other 
half is used for reconstruction. It is a more complicated procedure. Cranial 
grafts have been used in the following cases. Correction of contour defect of 
the forehead and zygomatic bones, orbital floor reconstruction, restoration 
of the nasal bridge, bone grafting of the maxilla and mandibule. The 
advantages are the following: the donor and recipient sites are in adjacent 
surgical fields, the donor site scar is hidden in the scalp, morbidity 
associated with removing the graft is almost inexistent. (ABSTRACT TRUNCATED 
AT 250 WORDS) 

Record Date Created: 19910717 
Record Date Completed: 19910717 
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Development of wool follicles and fibers on autoplastic grafts of stored 
foetal lamb skin 

Book Title: Biology of the skin and hair growth 
Author: RUDALL K M; WICKHAM. G A 

Author Address: Astbury De. Biophys., Univ. Leeds', Leeds, Engl., UK 
p 75-88 1965 

Book Pviblisher: Americal Elsevier Publishing Company, Inc., Canberra, 
Australia, New York. 
Document Type: Book 
Record Type: Abstract 
Language : Unspecified 

Abstract: A technique for studying grafted fetal sheep skin was developed. 
Skin was removed from fetuses via hysterotomy, stored at sub-zero 
temperatures until after the birth of the donor, and then replaced as an 
autograft. Grafts of skin, removed from fetuses 69 to 109 days after 
conception, expanded rapidly. The time of appearance of fibers at the graft 
surface suggests that excision and storage usually caused a temporary slowing 
of development of many follicles with a rapid return to their normal rate of 
development following grafting. The follicle group structure was disorganized 
in the grafts. Sebaceous glands developed normally but sweat glands were 
often absent. Ar-rector pili muscles were seldom found in the grafts. Fibers, 
similar to the sickle fibers of the. normal. lamb birthcoat, were found in wool 
samples removed from the grafts. This finding suggests that systemic factors 
peculiar to the fetus do not cause the thinning of fibers attributed to a ■ 
hypothetical pre-natal check which is characteristic of certain early- 
developing fibers. ABSTRACT AUTHORS: Authors 
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A tumor tissue analogue of the implanting mouse embryo 

Author: WILSON IAN B 

Author Address: Univ. Coll. N. Wales, Bangor, Wales 

Journal: PROC ZOOL SOC LONDON 141 ( (1) ): p 137-151 1963 1963 

Document Type: Article 

Record Type: Abstract 
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Abstract: Transplants of the Harding-Passey melanoma will implant in the 
mouse uterus only if transferred on days 3-6 of normal pregnancy or 
pseudopregnancy . Should pregnancy or pseudopregnancy be accompanied by 
lactation, implantation of melanoma transplants is not delayed (though 
blastocyst implantation is delayed for about four days) but the period during 
which the transplants may implant is extended to at least day 8. Autografts 
of body-wall muscle tissue will implant in the uterus within the same period 
as will melanoma transplants. Tumor cells injected in suspensions through the 
cervix tended to segregate into clumps more or less spaced out and implanted 
along the uterus. When the transplanted tissues or cell suspensions 
implanted, they did so invariably in the antimesometrial mucosa, at the site 
of normal blastocyst implantation. A decidual reaction was elicited only when 
the transplanted tissues remained free, or relatively so, in the uterine 
lumen (between days 3-6) . If extensive invasion of the uterine mucosa 
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occurred then there was no decidual reaction even though there was a strong 
inflammatory reaction to invasion. Decidual tissue "en bloc" is resistant to 
invasion by melanoma cells. Concurrently with melanoma invasion, pigment 
granules, from melanoma cell debris, were ingested by epithelial cells 
immediately adjacent to the invasion sites. ABSTRACT AUTHORS: A. N. Bragg 
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Author: COCHRANE ROBERT L; PRASAD M R N; MEYER ROLAND K 

Author Address: Dept. Health, Educ, and Welfare, Washington, D. C. 

Journal: ENDOCRINOLOGY 70 { (2) ) : p 228-232 1962 1962 

Document Type: Article 
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Abstract: A delay in nidation of embryo lasting 3 to 18 days -was obtained by 
autografting the anterior pituitary gland to the kidney in rats on the 2nd 
day of pregnancy. Ovo-implantation was induced in these rats at will; by the 
daily injection of 1 [mu]g of estrone. Implantation only rarely occurred, and 
it was followed immediately by death of the embryos in rats hypophysectomized 
on the 2nd day of pregnancy and treated daily with 4 mg of progesterone and 1 
[mu]g of estrone starting the 9th day of pregnancy; it never occurred when 
treatment was not started until the 14th day. The daily use of 1 [mu] g of 
estrone in lieu of the progesterone-estrone treatment starting on the 9th day 
or 14th day of pregnancy failed to induce nidation in hypophysectomized 
untreated rats. A case of implantation of , 1 embryo previous to estrone 
treatment and nidation of 8 additional embryos after the , estrone in a rat 
bearing a pituitary autograft is reported. It is proposed that this 
phenomenon be called "asynchronous implantation" rather than the misleading 
terms superf etation and super-implantation. ABSTRACT AUTHORS: Authors 
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Abstract: A left-sided adrenalectomy was performed and autografts were 
prepared by inserting portions of adrenal medulla and inner zone cortical 
cells into the anterior chamber of the eye in 84 instances. One implant 
degenerated. All others were vascularized by the iris and persisted. 
Implantation was accompanied by a hemorrhagic reaction. The graft was, 
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however, well vascularized by 72 hours, by which time vessels in the iris had 
united with those in the graft. The graft included chromaffin cells together 
with elements of the reticular, juxta-medullary zones and possibly inner zona 
fasciculata. In a number of animals, in spite of the presence of an intact 
right adrenal gland, both cortical and medullary cells persisted up to 6 
months. Partial or total removal of the right adrenal gland was followed by 
proliferation of the cortical elements, but not of chromaffin cells; the 
proliferating cortical cells assumed a glomerulosa-like- pattern at the 
periphery of the graft. Subcutaneous injections of ACTH (5 mg twice daily) 
failed to stimulate cellular proliferation in grafts. Homografts of fetal and 
pre-pubertal adrenal glands were examined at times up to 2 months after 
insertion into the eye. Hpmograft reactions were not observed. Chromaffin and 
cortical cells persisted. ABSTRACT AUTHORS: R. E. Coupland 

32/7/1 (Item 1 from file: 155) Links 

Fulltext available through: STIC Full Text- Retrieval Options 
MEDLINE (R) 

(c) format only 2008 Dialog. All rights reserved. 
09080827 PMID: 2670751 

Inability of fetal skin to induce allograft tolerance in fetal lambs , 

McCullagh P 

John Curtin School of Medical Research, Australian National University, 
Canberra . 

Immunology ( ENGLAND ) Aug 1989 , 67 (4) p489-95 , ISSN: 0019-2805-- 

Print Journal Code: 0374 672 

Publishing Model Print 

Docviment type: Journal- Article 

Languages: ENGLISH 

Main Citation Owner: NLM 

Record type: MEDLINE; Completed 

Fetal lambs of 53-55 days gestation invariably failed to accept skin 
allografts from fetal donors of similar age but retained allografts from 
adult donors. Autografts of skin were accepted by 53-55-day fetuses. When the 
survival of allografts transplanted from fetal donors of a range of 
gestational ages was examined, skin from fetuses of up to 85 days was 
rejected but that from a 95-day donor was retained. Histological examination 
of fetal skin allografts revealed that these were subject to lymphocytic 
invasion, evident as the entry of lymphatic vessels and extravasation of 
lymphocytes within the first week after placement. These manifestations of an 
allograft reaction became more prominent during the following 2 weeks, with 
graft rejection being evident by the end of a month. Allografts of adult skin 
were subject to occasional focal lymphocytic infiltration but otherwise 
healed in uneventfully. 
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Our . fetal surgical model was utilized to perform in utero fetal lamb 
thyroidectomy and autograft transplantation of thyroid tissue to fetal thigh 
at 82-93 days gestation. Successful in utero transplantation was possible in 
two of six experimental animals. In one twin pregnancy with an unoperated 
control lamb, observations were continued to age six months. The athyrotic 
lamb with a thigh autograft was larger at birth and had a transient weak 
sucking reflex and awkward gait. It then grew and developed normally with no 
stigmata of cretinism or delay in bone maturation. At age six months an 
increase in thyroid stimulating hormone (oTSH) was the single distinguishing 
observation in -the twin with the transplant. Although oTSH levels were 
elevated to age six months, the pituitary continued to be responsive to 
thyrotropin releasing hormone (TRH) stimulation. These findings suggest that 
in utero transplantation of thyroid tissue is technically feasible and that 
the previously described development of in utero cretinism following fetal 
thyroidectomy can be prevented by a functioning autograft. This technique 
will be useful in attempting allograft transplantation in utero. 
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When the isolated head-fold stage rat embryonic ectoderm is grafted under 
the kidney capsule, it gives rise to a new mesenchyme with the capacity to 
differentiate into mesodermal tissues. 
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Fetal brain tissue pieces containing locus coeruleus (LC) neurons were 
grafted to the anterior eye chamber alone or together with other grafts 
(irides, sympathetic ganglia or additional LC) in the presence of the 
sympathetic and parasympathetic part of the autonomic ground plexus of the 
iris. Specimens were analyzed with quantitative fluorescence microscopy and 
uptake of [ SUP 3H] metaraminol . LC neurons were shown to grow independently 
of the simultaneous presence of sympathetic fibres in oculo in the following 
three experimental situations. Fetal LC grafted to normal eyes, analyzed 
after cessation of the production of the halo of fluorescent fibres on the 
host irides. Maturated LC neurons in which growth is reinitiated by addition 
of an iris transplant which becomes completely innervated. Fetal LC neurons 
placed on or opposite to iris transplants that in turn were introduced into 
the eye chamber 1 month before. All LC grafts produced halos of " fluorescent 
fibres on both host irides and iris transplants in a restricted zone. Fetal 
LC grafts produced fluorescent nerve fibres on host irides independent of the 
removal of the parasympathetic fibres in the irides. Fetal LC grafts were not 
significantly inhibit'ed in their fibre production on irides where maturated 
LC grafts had already formed a halo of densely packed fluorescent fibres. 
When two fetal LC grafts were introduced simultaneously into the same eye 
chamber both were able to produce fluorescent fibres together on the host 
iris. Sympathetic ganglion transplants formed normal looking adrenergic 
plexuses on host irides that were already carrying LC grafts with halos of 
fluorescent fibres. In conclusion, the fibre production of LC neurons in 
oculo is independent of the presence of sympathetic, and probably also 
parasympathetic, and maturated central NA nerves. 
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Abstract: Skin autografts and homografts were performed in fetal lambs 
between the ages of 80 and 117 days. By means of histological examination 
following grafting, visual and histological examinations after birth, and by 
the use of second-set homografts it was established that homografts are 
actively rejected by the fetus. This rejection gave every indication of 
belonging to the general class of activity acquired immune responses and in 
all respects confirmed at the fetal stage the observations of Medewar (1944, 
1945) on young adult animals. Homografts in which the ewe was used as donor 
were also rejected by the fetus, indicating that the reaction was of fetal 
and not maternal origin. The expts. established that the fetal lamb is 
capable of making an immune response to the presence of foreign tissue. This 
finding is at variance with current concepts of the immunological behavior of 
fetuses. ABSTRACT AUTHORS: Auth. summ 
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Nineteen patients underwent primary mandibular, reconstruction with irradiated 
mandibular autografts. Ten were successful, with the longest follow-up being 
7 1/2 years; nine failed within six months. Although an excellent graft for 
size and contour, a 53% success rate is no better than any other primary 
grafting technique. We have abandoned this technique in most situations and 
presently are evaluating split-rib grafts and intraoperative radiation to in 
situ mandibles. 
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Viability and proliferative capacity of the chondrocytes are particularly 
important for a successful cartilage graft. This can be demonstrated by a new 
in vitro colony-forming assay. Only fetal or neonatal chondrocytes are 
considered to be applicable . according to these criteria. Single cell 
suspensions prepared from articular cartilage can be transplanted without 
technical problems. In animal experiments, articular cartilage regenerated 
after transplantation of neonatal chondrocytes, whereas only connective 
tissue was found in control's. 
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Abstract: Pregnant rats were hypophysectomized and pituitary autografted on 
day 2, the day after sperm were observed in the vaginal lavage. Estradiol- 
17. beta. {E-17- .beta . ) was injected (0.1 .mu.g/day) on days 8-16 to induce 
implantation and maintain pregnancy. This protocol resulted in a 4 day delay 
of implantation and day 8 becomes equivalent to day 4 of normal pregnancy. A 
single dose of LHAS [luteinizing hormone antiserum] (equivalent to 1 . 4 times 
the dose necessary to cause abortion on day 8 in the normal pregnant rat) 
failed to prevent implantation when administered on day 7 or cause fetal 
resorption when administered on days 11, 12, 13, 14 or 15 (equivalent to days 
4 and 7-11) . LHAS given on the 2 successive days 13 and 14 (days 9 and 10 
equivalent) was also without effect. LHAS apparently causes abortion in the 
rat by acting on pituitary LH [lutropin] -like material and not on the ovary, 
developing fetus or placenta. 
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In Utero Gene Transfer and Expression: A Sheep Transplantation Model 

By Philip W. Kantoff, Alan W. Flake, Martin A. Eglitis. Stephen Scharf, Sheldon Bond, Eli Gilboa, Henry Eriich, 
Michael R. Harrison, Esmail D. Zanjani, and W. French Anderson 


Retroviral-mediated gene transfer was used to insert a Neo 
R gene into fetal sheep hematopoietic cells obtained by 
exchange transfusion from lambs in utero. After gene 
transfer the cells were returned to the donor fetus. The 
lambs were examined after birth for the presence of a 
functioning Neo R gene. Of ten anatyzable animals, six were 
positive for 6418 resistant progenitor cells (CFU-Mix, 
CFU-C, BFU-E, CFU-E). Two animals were studied for 
extended periods of time: 8 and 24 months. Each has 

THE INSERTION OF GENES into hematopoietic cells 
has been greatly facilitated by the use of retroviral 
vectors.*'^ Genes can be transferred with high efficiency into 
mice and, in certain circumstances, can express in the intact 
animal.^*^ Two attempts to insert a functioning gene into the 
hematopoietic system of a large animal have been reported. 
Our group transferred the human cDNA for adenosine 
deaminase (ADA) into a number of monkeys using a bone 
marrow transplantation /retroviral gene transfer protocol. *° 
Several animals demonstrated the expression of human ADA 
in blood ceils for several months after transplantation. Stead 
et al transferred a dihydrofolate reductase (DHFR) gene 
into several dogs also using a bone marrow transplantation/ 
retroviral gene transfer protocol.'* They detected mcthotrcx- 
ate-resistant colonies (CFU-GM) 3 to 5 weeks posttrans- 
plant in one animal. Thus, even though the efficiency is still 
very low, the feasibility of gene transfer and expression in 
large animals has been established. 

Infants born with ADA deficiency or a large number of 
other genetic diseases are essentially normal at birth. There 
are, however, a number of inherited metabolic diseases (eg, 
Lesch-Nyhan, Tay Sachs) that may produce irreversible 
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demonstrated a pattern wherein positive periods are inter- 
spersed with times when there were no detectable G418- 
resistant cells. We conclude that retroviral-mediated gene 
transfer can be used to insert genes into early progenitor 
cells of fetal sheep in utero and that the animals can 
continue to demonstrate blood cells expressing the gene 
for more than 2 years after birth. 

This is a US government work. There are no restrictions on 
its use. 

damage to the fetus before birth. It is possible that some of 
these disorders might be treatable if gene therapy could be 
done safely in utero. To explore the possibility of in utero 
gene transfer we have developed a sheep transplantation 
model and have demonstrated that a gene inserted into a 
fetal lamb's hematopoietic cells is still expressed in the living 
animal's blood cells over 2 years after transplantation. 

MATERIALS AND METHODS 

In all cases surgery was performed under general anesthesia 
(Kctamine: 700 to 1 ,000 mg; halothane/oxygcn). These studies were 
conducted in fetal sheep at about 93 to 105 days of gestation (normal 
term, 145 days) over a 2-year period. A total of 20 pregnant Dorset 
Merino ewes (Ovis aries) with confirmed dates of conception were 
used in the five experimental groups of three to five animals each. 
Direct access to fetal circulation was achieved by placing a catheter 
in the carotid artery of the fetus as described.'^ This catheter was 
used to both withdraw blood from the fetus and for the infusion of 
maternal blood or transduced fetal hematopoietic cells. The overall 
design of the study was to obtain circulating hematopoietic progeni- 
tors from the fetus, insert an exogenous gene(s) via retroviral- 
mediated gene transfer in vitro, and reinfuse the treated cells into the 
donor fetus (autologous transplantation). The fetuses were then 
allowed to complete gestation (45 to 62 days later), and the newborn 
lambs examined for evidence of the exogenous gene at intervals after 
birth. 

Obtaining and processing of fetal blood cells. A total of 30 to 50 
mL of blood was obtained from each fetus by exchange transfusion 
in 5 mL increments using freshly drawn maternal blood for replace- 
ment. The heparinized blood was centrifuged at 600 g for 1 5 minutes 
and the buffy coat cells separated, washed twice with Iscove's 
Modified Dulbecco*s Medium (IMDM) with 2% fetal calf serum 
(FCS), and resuspended in IMDM with 10% FCS at I x 10^ 
nucleated cells/mL concentration. Approximately 1.5 to 3.5 x lO' 
mononuclear cells were obtained from each fetus. Although a small 
portion of these cells were derived from the mother, the number of 
assayable maternal hematopoietic progenitors in these cell popula- 
tions were always very low. Furthermore, in repeated attempts we 
have not been able to grow hematopoietic colonies from blood of 
adult sheep, while fetal sheep circulating mononuclear cells form 
colonies in vitro readily. Depending on the logistics of each study, the 
fetal blood was processed by buffy coat separation within one to 18 
hours after withdrawal from the donor animal. Before processing, 
the blood was kept at room temperature. We have previously 
determined that storage of fetal sheep blood for periods of up to 48 
hours at room temperature does not significantly affect the number 
or profile of assayable hematopoietic progenitors. In some studies, 
1x10^ nucleated cells from the fetus were set aside as uninfected 
control cells. However, in most cases alt of the isolated buffy coat 
cells were subjected to the gene transfer procedure. 
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IN UTERO GENE TRANSFER AND EXPRESSION 

Gene transfer protocol. Two Moloney-based retroviral vectors 
were used: N2 and SAX. The N2 vector is a Moloney murine 
leukemia virus-based vector with the viral coding sequences removed 
and the Neo R gene from the bacterial Tn5 transposon inserted into 
it as described elsewhere'**'* and used in previous studies.***' The 
Neo R gene provides protection against the neomycin-Iike antibiotic 
G4I8 (GIBCO. Grand Island, NY). The SAX vector is a derivative 
of the N2 vector that contains a human ADA cDNA promoted by 
the SV40 early promoter as previously described.'^ Although the 
ratio of viral particles to target cells, and the overall length of 
incubation, varied somewhat in the five experimental series, the 
following procedure was used in the majority of cases. The virus 
containing medium (VCM) was diluted 1:3 to 1:10 with IMDM 
(Biofluids, Rockvillc, MD), 10% FCS (Hyclonc, Logan, VT); poly- 
brene (Aldrich, Milwaukee) was added to a final concentration of 8 
Mg/mL. The VCM was generated by replacing the supernatant 
covering a confluent monolayer of virus producing cells with fresh 
Dulbecco's Minimum Essential Medium (DMEM) (Biofluids) con- 
taining 10% FCS (Hyclonc). After 20 to 24 hours the VCM was 
filtered through a 0.22 Mm filter (Corning, Wexford, PA) and frozen 
at -70^C until used. Fetal buffy coat cells were added at a 
concentration of 2.5 x 10* cells/mL of diluted VCM (10' cells in 40 
mL; multiplicity of infection: 8:1 viral particles/nucleated cells), 
mixed thoroughly and incubated for two to five hours. The mixture 
was then spun at 400 g for 20 minutes at room temperature and the 
supernatant discarded. The cells were resuspended in an equal 
volume of freshly prepared diluted VCM/polybrene mixture and 
incubated overnight (12 to 14 hours) at BT'^C (5% CO2, humidified 
air). The cells were then pelleted, washed, and resuspended in 
IMDM, 2% FCS. The cells from each fetus were suspended in 5 to 
10 mL IMDM, 2% FCS and reinfused into the respective fetuses; the 
intravenous (IV) catheter was then removed. 

Bone marrow samples and hematopoietic progenitor as- 
says. The presence/activity of the exogenous gene in hemato- 
poietic progenitors was assessed by testing bone marrow cells 
obtained from newborn lambs for resistance to G418. Aliquots of 
fetal cells (I to 6 x 10' cells/mL) after gene transfer, and bone 
marrow cells (I to 6 x 10' cells/mL) obtained from the lamb after 
birth wei-e cultured in plasma clot (CFU-E, BFU-E) or mcthylccllu- 
lose (CFU-Mix, CFU-C, BFU-E) cultures as described.'*-'' Bone 
marrow samples were aspirated into heparinized syringes from the 
posterior iliac crest of treated and age-matched control lambs 
beginning at I week after birth and at about monthly intervals 
thereafter. Buffy coat cells were prepared for culture as well as for 
DNA and enzyme analyses. The cells were washed twice and 
resuspended in IMDM, 10% FCS at desired concentrations or 
pelleted and frozen at -70°C for use in DNA and enzyme analyses. 
The cells were cultured in the presence or absence of different 
concentrations of G4I8 (0.1 to 4 mg/mL), erythropoietin (0.4 
lU/mL), and a preparation of PHA-LCM (5% vol/vol) derived 
from sheep leukocytes. The plates were incubated at ^l^C in a 
humidified atmosphere of 4% CO] in air for four (CFU-E) and nine 
to 12 days (CFU-Mix, CFU-C, BFU-E). Hematopoietic colonies in 
plasma clot cultures were examined after transfer, fixing, and 
staining on glass slides,'* while colonies in methylcellulose cultures 
were enumerated in situ." 

Detection of Neo R sequences in sheep tissue. One microgram 
of total genomic DNA was subjected to analysis by the technique of 
polymerase chain reaction (PCR) as described by Saiki et al" with 
the following changes to the reaction constitutents: PCR primers 
used were I ^mol/L CP20 and 1 nmo\/L CP2I, 187.5 /tmol/L 
dCTP. dtTP, dATP, dGTP, and 5 units of Thermus aquaticus 
DNA polymerase. The PCR primer CP20 (CCAGGCT- 
CAAGGCGCGCATGC) and CP2I (TCACGGGTAGC- 
CAACGCTATG) amplify a 170 base pair (bp) fragment from the 
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Neo R gene. The samples were overlayed with 100 /xL of mineral oil 
and subjected to 35 cycles of PCR. The reactions were run in an 
automated PCR temperature cycling block that allowed annealing 
of the PCR primers at 55*C and the extension of the annealed 
primers at 70*»C for one minute. After each extension reaction, the 
samples were heated at 95**C for one minute. After the 35th cycle, 
the samples were incubated for five minutes at 70**C to allow the 
amplification products to be fully extended into double-stranded 
DNA. One-tenth of each reaction (10 /iL) was loaded onto a 3% 
NuSievc, 1% SeaKem agarose gel and electrophoresed in Tris- 
borate-EDTA. After electrophoresis the gel was denatured and 
transferred to a Magna Nylon 66 membrane filter (MSI). The 
oligonucleotide probe (CP22) was phosphorylatcd with polynucleo- 
tide kinase [7-"P]ATP, purified by spin-dialysis, and had a specific 
activity of 1.3 pCi/pmol oligomer, CP22 (CCACAGTCGAT- 
GAATCCAGAAAAGC) hybridizes to the region of Neo R 
sequences between the PCR primers. The filter was prehybridized in 
5X SSPE, 5X Denhardt*s, and 0.5% SDS at 42*'C for 15 minutes: 
0.1 pmol of CP22 probe was added and hybridized to the filter for 16 
hours at 42*»C. The filler was washed in 4X SSPE, 0.1% SDS for five 
minutes at 45**C and autoradiographed for 1.75 hours at -70®C 
with one intensifying screen (DuPont Cronex Lightning Plus). The 
positive control DNA, NTSLDl.l, was a gift from Dr Carl Perez 
and is estimated to contain approximately one copy of the Neo R 
gene per cell (personal communication). The sheep negative control 
sample (#40) was prepared as follows: 2 mL whole blood was lyscd 
with the addition of 6 mL 10 mmol/L Tris-CI, pH 7.5, 10 mmol/L 
EDTA, 100 mmol/L NaCl, 40 mmol/L dithiothreitol, 200 Mg/mL 
proteinase K and incubated for 16 hours at 55*C. The sample was 
phenol extracted and ethanol precipitated as described'* and purified 
with GeneClean (BiolOl). The other DNA samples were prepared 
as previously described.'^ Neo R-coded phosphotransferase activity 
in the lysate of bone marrow buffy coat cells was assayed as 
previously described.*'" Briefly, lysates were subjected to electro- 
phoresis on a nondenaturing polyacrylamide gel; the gel was then 
overlayed with agarose containing kanamycin at 25 Mg/mL and 2 
nmol/L [^-"P] ATP (>5,000 Ci/mmol). Subsequently, the gel was 
blotted with Whatman P8I paper. 

RESULTS 

Gene transfer was carried out on 20 sheep fetuses: 16 
received the N2 vector and four the SAX vector. As with any 
surgical procedure involving young fetuses there was high 
perioperative mortality. Eight fetuses were lost (six N2. two 
SAX); 12 fetuses survived the procedure and were born alive. 
One of these newborn lambs (no. 4262) died soon after birth 
and was not examined for evidence of exogenous gene 
activity. Of the remaining 1 1 animals, nine had received the 
N2 vector and two the SAX vectors. One lamb (no. 2517), 
which received cells transfected with the SAX vector, was 
lost to study for unrelated reasons (Table 1). The other lamb 
(no. 2998), which was treated with the SAX vector, exhib- 
ited G418 resistant hematopoietic progenitors at the time of 
death (1 week of age), but was not examined for the presence 
of a functional ADA gene. Therefore, none of the four 
fetuses that received the human ADA gene (ie, the SAX 
vector) were analyzed for the presence of human ADA. Of 
the ten analyzable animals (nine of whom received the N2 
vector and one the SAX vector), six were positive for 0418 
resistant hematopoietic cells and four were negative 1 week 
postpartum. The remainder of this report analyzes these data 
in detail. 
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Table 1 . Experimental Sumfnary 

Animal 



G4 18 Resistant 

NO. 

VOClUi 

Outcome 

— — 

2516 

SAX 

Aborted 1 mo later 

— 

2517 

SAX 

Born alive t 

— 

2518 

N2 

Died in utero 3 d later 

— 

2519 

N2 

Born alive 3/20/86: alive and wellt§ 

Yes 

2997 

SAX 

Aborted 

— 

2998 

SAX 

Born alive, died 1 wk later§ 

Yes 

2999 

N2 

Born alive, died during transport 

Yes 

3000 

N2 

Born alive, died 1 vA later§ 

Yes 

3381 

N2 

Died in utero 4 d later 

— 

3382 

N2 

Born alive, died in transport 

No 

3383 

N2 

Mother died 4 d later 


3384 

N2 

Died in utero 


3390 

N2 

Aborted 


3391 

N2 

Born alive, died 2 mo later§ 

Yes 

3392 

N2 

Born alive 1/13/87: alive and well 

No 

3900 

N2 

Born alive 1/13/87: alive and well 

No 

4218 

N2 

Born alive 5/1 1/87: alive and well§ 

Yes 

4261 

N2 

Aborted 


4262 

N2 

Born alive, died 3 d later 


4263 

N2 

Born alive 5/23/87: alive and well 

No 


*Viral particles containing the vector SAX, previously de8crit>ed, 
were produced by the packaging cell line PA- 12." Viral particles 
containing the vector N2, also previously described," " were initially 
produced by PA- 1 2. N2 was later packaged in the cell line PA-3 1 7, after 
Miller et al demonstrated that PA- 12 produced helper-contaminated viral 
supernatants with N2 and N2-based vectors." Animal no. 2519 
received virus containing medium (VCM) from PA- 12, while no. 4218 
received VCM from PA-3 17. Neither VCM was tested by S*L" assay 
before use, but it is presumed that at least the former was helper- 
contaminated. 

I Newborn was lost to study due to being stolen by an animal rights' 
group. 

I Still alive and expressing the gene, this ewe was bred to a normal ram 
and gave binh to a normal lamb about 2 years after transplantation. The 
newtiorn (no. 5436) does not exhibit G4 1 8^esistant hematopoietic 
colonies (see Table 7). 

§Serum was negative for viremia by S*L" assay on PG4 cells" under 
conditions that would detect five or more replication-competent viral 
particles per milliliter (ie, serum was diluted 1:5 before assay). 

In preliminary studies, the efTect of different concentra- 
tions (0.1, 0.4, 1.2, 1.5, 2, and 4 mg/mL) of G418 on colony 
formation by normal (uninfected) fetal, newborn, and adult 
sheep hematopoietic progenitors in vitro was determined. 
The development of CFU-Mix, CFU-C, BFU-E, and CFU-E 


derived colonies was inhibited by G4 18 in a dose dependent 
fashion (data not shown). Very small numbers of colonics 
were still detectable at 1.5 mg/mL G418. but were rarely 
observed at 2 mg/mL 0418. In subsequent experiments, 
therefore, concentrations of 2 mg/mL 0418 were used. 

Results presented in Table 2 demonstrate the average 
efficiency of gene transfer into fetal blood hematopoietic, 
progenitors of three animals. In each case an aliquot of fetal 
buffy coat cells was set aside as uninfected control and 
cultured along with the infected cells immediately following 
the completion of the incubation with the VCM. Colony 
growth was normal in number, size and morphology in the 
vector-treated group in the absence of 0418 selection. At 2 
mg/mL of 0418, no colonics were observed in cultures of 
untreated cells (Table 2). By contrast, cultures of the 
vector-treated cells established with 2 mg/mL 0418 exhib- 
ited significant numbers of hematopoietic colonies. The 
0418-resistant colonies were normal in size and morphology 
and comprised approximately 8% to 1 7% of the total number 
of colonics formed in the absence of 0418 (Table 2). The 
percentage of 0418-resistant colonies varied among the 
progenitor classes with CFU-Mix generally exhibiting the 
highest resistance level. This difference was also noted in 
some of the newborn lambs and may simply be a reflection of 
the relatively small numbers of CFU-Mix derived colonies 
involved and the imprecise nature of their identification. 

To assess the presence of a functional Neo R gene in the 
hematopoietic progenitors of the treated animals, bone mar- 
row cells obtained from the newborn lambs 1 week after birth 
and at intervals thereafter were assayed for the growth of 
hematopoietic colonies in the presence or absence of 2 
mg/mL 0418. With each series of treated animals, bone 
marrow cells from normal (untreated) age-matched control 
lambs were also cultured. Results presented in Table 3 
demonstrate that a significant number of live birth lambs 
that were examined (six of ten animals) exhibited detectable 
levels of 0418-resistant colonies at 1 week after birth (about 
45 to 62 days after transplantation). In every case, all classes 
of progenitors assayed were infected (Table 3); bone marrow 
cells from age-matched control lambs failed to produce 
significant numbers of colonies in the presence of 2 mg/mL 
0418 (Table 3, footnote 1). In most studies, cells were 
cultured at several concentrations to determine whether the 
percentage of drug resistant colonies might be dependent on 
the cell concentration used. However, results from one such 


Table 2. Efficiency of Gene Tranafer Into Fetal Lamb Hematopoietic Progenitort In VKro* 


Total No. of Cdoniss/mL 


C«tt8 Cultured 


CFU-Mix 


CFU-Cf 


BFU-E 


CFU-€t 


Uninfected 





NoG418 

104 ± 26 

372 ± 42 

766 ± 72 

1.930 ± 288 

2 mg/mL G4 18 

0 

0 

0 

0 

% Resistant colonies 

0 

0 

0 

0 

Infected 





No G418 

130 ± 19 

393 ± 35 

988 ± 68 

2.326 ± 304 

2 mg/mL G418 

23 ± 4 

35 ± 5 

92 ± 14 

342 ± 52 

% Resistant colonies 

17,7 

8.7 

9.3 

14.7 


•Results (mean ± 1 SEM) from animals no. 2519. 3383. and 3391 are presented. Cells were cultured at 4 x 1 0* cells/mL in the presence or absence 
of 2 mg/mL G418, 

fOata from animals no. 3383 and 3391 only. 
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Table 3. Effect of Q418 on Hematopoietic Colony Formation by Bona Marrow Cells Obtained From Newborn Lambs 1 Week After Birth* 

Total Number of Colontes 


CFU-Mix 


CFU-C 


BFU-E 


CFU-e 


No. 

-G418 

+ G418 

-G418 

+G418 

-G418 

+6418 

-G418 

+6418 

2519 

19 

6 

94 

17 

428 

171 

976 

288 

2998 

52 

10 

905 

75 

840 

140 



2999 

13 

3 

130 

15 

107 

12 



3000 

27 

5 

260 

25 

295 

25 



3382 

34 

0 

290 

0 

318 

0 

1,260 

0 

3391 

51 

2 

388 

18 

612 

31 

2.087 

69 

3392 

176 

0 

814 

0 

738 

0 

1,738 

0 

3900 

47 

0 

346 

0 

490 

0 

1,408 

0 

4218t 

92 

9 

209 

26 

280 

21 

2,104 

197 

4263 

46 

0 

190 

0 

582 

0 

1,986 

1 


* Values are from 4x10* cells/mL cultured in the presence or absence of 2 mg/mL G4 1 8. Comparable values for age-matched control lambs (n * 7) 
cultured simultaneously with the experimental samples were (mean ± 1 SEM): CFU-Mix: 87 ± 7 (-G418), 0 (+G418); CFU-C: 264 ± 32(-6418),0 
(+0418): BFU-E: 479 ± 52 (-G418), 1 ( + 6418): CFU-E: 2,386 ± 498 (-G418K 5 ( + G418). 

f Bone marrow cells were obtained five days after birth. 


Study, presented in Table 4, demonstrate that there was no 
consistent influence of cell concentration on the percentage 
of drug resistant colonies recovered. 

For a variety of reasons summarized in Table U only two 
of the lambs that showed G418-resistant colonies at 1 week 
after birth remained available for long-term follow-up stud- 
ies. One of the losses was due to an accident during transport 
of the lamb between facilities (Table 1), but the cause of 
death in the other cases is unknown. Blood obtained at 
postmortem from three of the animals was examined for 
evidence of viremia and found to be negative. 

As is shown in Table 5, both lambs no. 2519 and 4218 
continued to exhibit G4l8-resistant colonies throughout the 
study period. Table 5 also demonstrates that lambs found to 
be negative for the Neo R gene soon after birth continued to 

Table 4. Effect of Cell Concentration on the In Vitro Expression 
of G418 Resistance by Bone Marrow Cells Obtained 
From Lamb No. 2519 at 1 Week After Birth* 


ProQttnitor 

Cell 
Assaved 


Number 
of Marrow 
Cells/mL (x 10*) 


Untreated 
Age-Matched 
Control Lamb 


Treated Lamb 
No. 2519 


CFU-Mix 

2 

0/8 

0% 

5/13 

38% 


4 

0/21 

0% 

6/19 

31% 


6 

0/20 

0% 

8/25 

32% 

Total 


0/49 

0% 

19/57 

33% 

CFU-C 

2 

0/84 

0% 

11/43 

25% 


4 

0/64 

0% 

17/94 

18% 


6 

1/122 

0.8% 

ND 

ND 

Total 


1/270 

0,4% 

28/137 

20% 

BFU-E 

2 

4/311 

1.3% 

52/280 

18% 


4 

0/619 

0% 

171/428 

40% 


6 

' 1/386 

0.2% 

162/631 

26% 

Total 


5/1,316 

0.4% 

385/V339 

29% 

CFU-E 

2 

19/806 

2.4% 

143/451 

32% 


4 

11/1.880 

0.6% 

228/976 

23% 


6 

18/2,864 

0.6% 

186/1024 

18% 

Total 


48/5,550 

0.9% 

557/2,456 

23% 


•Total numbers of colonies counted are shown. The first value is the 
number of colonies that grew in the presence of G41 8, the second value 
is the number formed in the absence of G4 1 8. The calculated percentage 
is then given. 


be negative up to several months later. Culture results from 
sheep no. 2519 are shown in more detail in Fig 1. It can be 
seen that significant fluctuations in the relative incidence of 
G418-resistant progenitors occurred in this animal; periods 
of no activity are followed by the reappearance of G418- 
resistant colonies (Fig 1). These fluctuations did not follow a 
set pattern. A similar picture was found for animal no. 4218 
where at 58 days of age no G418-resistant CFU-Mix. 
CFU-C, or BFU-E were detected, and only two CFU-E 
colonies survived the addition of 04 18, whereas at 124 days 
the animal was positive again (Table 6). 

On several occasions, marrow or peripheral blood mononu- 
clear cells were isolated from lamb no. 2519 and assayed for 
the presence of neomycin phosphotransferase (NPT) activi- 
ty, the product of the Neo R gene. Enzyme activity was not 
detected despite persistent CFU resistance to 0418 when the 
same marrow cells were cultured in vitro. In another animal 
(no. 3391), treated in a similar manner to no. 2519, NPT 
activity was detected in marrow cells 6 weeks after birth (13 
weeks after transplantation) (data not shown). 

DNA was prepared from peripheral blood and marrow 
mononuclear cells of a number of animals. Digesting the 
DNA samples with restriction endonucleases followed by 
Southern blotting and probing with a Neo R gene probe 
failed to detect vector DNA sequences. However, when 
DNA samples from animals no. 2519 and 2998 were sub- 
jected to sequence amplification by the PCR method,'* the 

Table 6. Effect of G416 on Hematopoietic Colony Formation 
by Bone Marrow Cells Obtained From Experimental 
Lambs at Intervals After Birth 


Lamb 
No. 


% G418-Rttsttt8nt Colonies* 
IMonths after Birth)* 


<1 


12 


13 


14 


15 


17 24 


2519 

28 

1.3 

0.9 

0 8.6 6.4 0 5.3 4.4 

3392 

0 



0 

3900 

0 

0 


0 

4218 

6.9 

7.8 

4.8 


4263 

0 


0 



CFU-C. BFU-E, and CFU-E) that survived the addition of 2 mg/mL 
G418. 
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Fig 1. The percent G418 resistant colonies derived from lamb no. 2519 over time. Each value represents mean of resuhs from 
triplicate cultures established with 2 mg/mL G418. See text for explanation. The dashed line at 55 days represents the dey of birth of 
animal. In all cases values for uninfected age-matched control lambs were <1 %. 


Neo R sequence was found to be present in blood and bone 
marrow specimens from animal no. 2519 and in the bone 
marrow, spleen and thymus samples from animal no. 2998 
(Fig 2). Judging from the band intensity of the samples 
subjected to PCR, the relative proportion of Neo R sequence 
was estimated to range between 0.1 and 10% for most 
samples or, on the average, one vector copy per 10 to 1,000 
nucleated cells. An occasional sample (eg, Fig 2, lane C) 
appeared particularly strong, but, since PGR is not a quanti- 
tative assay, we doubt that this sample was actually equiva- 
lent to the single copy control (Fig 2, lane H). 

Animal no. 2519, a female, was bred to a normal 
(untreated) ram. She was delivered of a healthy lamb at 
about 2 years of age (about 26 months after transplantation). 
The data presented in Table 7 show that, despite the presence 
of significant numbers of G418-resistant progenitors in the 
mother, no hematopoietic stem cells expressing the Neo R 
gene were detected in the newborn. 

DISCUSSION 

The data presented here demonstrate that cloned genes 
can be transferred into fetal hematopoietic progenitor cells 


and that expression of the delivered gene can be detected 
over 2 years after the transplant. The efficiency of gene 
transfer and expression into hematopoietic progenitors is 
equal to or higher than that seen in other large animal models 
in vitro including dog,^'^' monkey,'** and human hemato- 
poietic colony assays.**' ' The unique feature about the pres- 
ent study is the persistence of durably transduced stem cells 
in vivo (particularly since no cytoablation or positive selec- 
tion in vivo was used), a result not previously seen in any 
species except the mouse. 

Lamb no. 2519, the first positive lamb in our series, has 
been observed continuously for 2 years posttransplant (Fig 
1). Approximately the same percentage of G418-resistant 
colonies was observed at 75 days posttransplant as observed 
at 62 days. The number decreased somewhat and stabilized 
at around 10% to 15% between 104 and 153 days. At days 
227 and 263 no G4 1 8-rcsistant colonies were detected (posi- 
tive controls developed typical G418-resistant colonies). 
Then at 324 and 388 days a low (4% to 8%), but clearly 
assayable, level of resistant colonies was demonstrated. 
G41 8-resistant colonies were also absent at days 423 and 522 
but were detected on days 458 and 488 after transplantation 


Table 6. Effect of G418 on Hematopoietic Colony Formation by Bone Marrow Celts Obtained From 
Animal No. 4218 at Intervals After Birth 

Total Number of Colonies* 


Days 
After Birth 


CFU-Mix 

CFU-C 


BFU-E 


CFU-€ 


-G4ie 

+G418 

-G418 

+G418 

-G418 

+G418 

-G418 

+0418 

5 

92 

9 

209 

26 

280 

21 

2.104 

197 

25 

48 

1 

122 

4 



947 

36 

58 

56 

0 

174 

0 

209 

0 

1,138 

2 

124 

35 

2 

79 

6 

381 

39 



247 

12 

1 

61 

2 

188 

5 




* Results from 1 to 6 x 10* cells/mL cultured with or without 2 mg/mL G4 1 8. No G4 1 8 resistant colonies were observed in cultures of bone marrow 
cells from age-matched control lambs cultured simultaneously with the experimental marrows. 
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Fig 2. Detection of Neo R sequences in lamb tissue using the polymerase chain reaction method. See text for details. Lanes A. spleen 
from animal no. 2998 at seven days after birth (DAB); thymus from animal no. 2998 seven DAB; C, marrow from animal no. 2998 seven 
DAB; D, peripheral blood mononuclear ceils from animal no. 2519 seven DAB; marrow from animal no. 2519 49 DAB; F, marrow from 
animal no. 2519 seven DAB; G, negative control-sheep blood DNA; positive control-NTSLDI.1 DNA. 


(Fig 1). This re-cmergence of hematopoietic cells that 
express the Neo R gene, which was also seen in animal no. 
4218 (Table 6), is consistent with the hypothesis put forth by 
Mintz et al^^ and Lemischka et al^^ to explain their data in 
mice. They postulated that normal hematopoicsis results 
from the sequential activation of different stem cell clones 
rather than from an averaged contribution of the entire stem 
cell pool. Furthermore, Lemischka et al" suggested that 
some stem cells, although replicating to a sufficient extent in 
vitro to permit proviral integration during the retroviral 
vector infection process, can return to a quiescent state on 
transplantation back into the animal and, theoretically, 
become reactivated to express their exogenous gene later in 
the lifetime of the animal. The data shown in Fig I are 
consistent with this hypothesis, although it is also possible 
that our data could be interpreted as simply fluctuations in 
the total stem cell population.^* 

The physiology of hematopoietic differentiation in the 
fetal lamb may help to explain why fetal blood cells are 
susceptible to gene transfer. During the stage of development 
at which we attempted gene transfer, two important changes 
arc occurring in the hematopoietic system: extensive growth- 
associated hematopoietic expansion as well as a change in the 
primary site of hematopoicsis from the liver and spleen to the 
bone marrow. It is generally believed that the latter process is 
associated with the seeding of the developing marrow spaces 
by hematopoietic stem cells delivered via the circulation. It is 
therefore possible that a large number of early progenitor 
cells with high self-renewal capacity are in the circulating 
pool and, therefore, are recoverable by exchange transfusion. 
These cells (after being infected and reinfused) would repre- 
sent a smalt but significant proportion of the overall stem cell 
pool, thereby allowing the detection of stem cell progeny 
carrying the vector DNA for many months after transplant. 
Furthermore, the reinfused cells may have an advantage at 


Table 7. Effect of 6418 on Hematopoietic Colony Formation by 
Bone Marrow Cells Obtained From Sheep No. 2619 at 2 Years 
After Birth and From Her Offspring at 7 Days After Birth 



Total Numbar of ColoniM 

• 


CFU-Mix CFU-C 

BFU-E 

Anima) (#) 

-G418 +G418 -G418 +G418 - 

-G418 +G418 

Control (3958) 
Mother (2519) 
Offspring (5463) 

20 0 82 0 
18 1 44 2 
28 0 125 0 

408 0 
480 14 
564 0 


•Results from 6 x 10* cells/mL cultured with or without 2 mg/mL 


G418. 


"homing" into developing hematopoietic sites in the bone 
marrow due to their sheer numbers delivered as one large 
bolus. It is possible, in addition, that the explantation and in 
vitro treatment of a portion of the total hematopoietic stem 
cells may confer a proliferative or seeding advantage for 
these cells, creating an over-representation in the total 
marrow. We have previously shown that the in utero trans- 
plantation of heterologous hematopoietic cells resulted in the 
creation of long-term chimera in sheep" in the absence of 
cytoablation. Therefore, the reinfused infected cells may 
compete favorably for unoccupied bone marrow spaces. 
Nonetheless, we do not understand why the percentages of 
G418-resistant colonics on days 62 (1 week after birth) and 
75 (20 days after birth) arc so high. 

Successful long-term engraftment of stem cells after in 
vitro gene transfer has been achieved in the mouse model but 
not in primate'** or dog models" in which cytoablation is used 
to afford a selective survival and proliferative advantage to 
infected stem cells. The apparent increased efficiency of gene 
transfer in this sheep model does not appear to be explained 
primarily by species differences in susceptibility to virus 
infection (or vector gene expression) but rather to an inher- 
ent difference between progenitor cells derived from the fetus 
V the adult. We have infected the bone marrow cells of an 
adult sheep with the N2 virus and transplanted these cells 
into a heterologous recipient fetal lamb. Hematopoietic 
chimerism in the newborn lamb was achieved as measured by 
hemoglobin markers, but no evidence of Neo R gene activity 
was detected as measured by G418-resistant colony growth. 
Thus, our in utero protocol was unsuccessful when adult 
marrow cells were used instead of fetal cells. 

Furthermore, preliminary experiments from our labora- 
tory evaluating the efficiency of infection of human fetal 
cord blood (obtained at the time of normal, but premature, 
deliveries) has demonstrated that 20- to 24-week fetal cells 
can be as much as tenfold more efficiently infected than 
newborn blood or adult bone marrow. Therefore, the present 
evidence suggests that fetal hematopoietic progenitor cells 
(at least in the sheep and human) are inherently more 
susceptible to retroviral gene transfer (with subsequent 
expression of the exogenous gene) than newborn or adult 
blood cells. 

The demonstration of vector DNA sequences in the blood 
and/or bone marrow of two animals (no. 2519 and 2998), 
and NPT activity in the bone marrow of another animal (no. 
3391), confirm that gene transfer and expression has 
occurred. However, there is a clear quantitative discrepancy 
between the high frequency of in vitro G418-resistant colo- 


From www.bloodjournal.org at U S PATENT TRADEMARK OFFC on August 6, 2008. For persona! use only. 


1072 

nies and the low abundance of vector DNA sequence in 
whole marrow and blood as evidenced by Southern blotting 
and PGR analysis. At the level of G4I8 used for selection, 
only negligible levels of background drug-resistant colonies 
were detected in progenitors grown from uninfected marrow, 
indicating that the behavior of the infected marrow was truly 
distinct. 

The apparent discrepancy between the PGR data, where 
0. 1% to 10% of the marrow cells contain vector sequence, and 
the significantly higher percentages of G4l8-resistant colo- 
nies obtained from in vitro culture of the same bone marrow 
could be a manifestation of different populations of cells 
being analyzed. As has been demonstrated in the murine 
model,"*" only a small proportion of stem cells at any one 
time appear to be differentiating into more mature cells in 
vivo. Although a large proportion of the progenitor pool is not 
contributing substantially to the overall pool of mature cells 
(which is the population analyzed in DNA studies), when the 
progenitor cells from the animal are placed in culture under 
the influence of growth factors, most of the progenitor cells 
might then be capable of differentiating and thereby possibly 
**unmasking" dormant vector- transduced cells. Such behav- 
ior has not been reported in the in vivo murine or other 
animal models, so that this may be a unique characteristic of 
the sheep system. Alternatively, ovine hematopoietic progen- 
itors may be sensitive to a "cross-protection" phenomenon, 
where successfully transduced cells protect otherwise G418- 
sensitive nontransduced progenitors, yielding a spuriously 
high proportion of G418-resistant colonies. However, we 
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have not yet detected such putative "satellite" colonies in 
human, canine, or murine studies either in liquid culture or in 
semi-solid medium. These issues are currently under investi- 
gation. 

In summary, we report here successful gene transfer into 
fetal hematopoietic cells in vivo using a retroviral vector as 
well as the demonstration in a large animal of long-term 
expression in vivo after in utero gene transfer. Although we 
did not analyze lymphoid cells, the 2-year persistence of 
myeloid/erythroid G418-resistant cells suggests that pluri- 
potent stem cells were infected. This study opens the possibil- 
ity for studying genes that participate in or modualte the 
hematopoietic process during development and extends to 
the fetus the potential application of a gene therapy approach 
for genetic diseases, particularly for those disorders that 
might require prenatal intervention for optimal results. 
Except for those diseases like ADA deficiency where there 
should be a positive selection pressure for the growth of 
treated cells,' most genetic diseases will probably require 
cytoablation of the patient*s own marrow, with all the risks 
that this procedure involves. If it can be substantiated that 
gene transfer via fetal cell autologous transplantation 
obviates the need for cytoablation, then gene therapy in utero 
may be a reasonable therapeutic option in some cases. 
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